Staphylococcus aureus is pathogenic to humans with worldwide health care concern due to its ability to evade the immune system and develop resistance to multiple drugs. Reg family proteins are C-type lectins with antimicrobial properties. Bacterial aggregation through binding to microbial cell surface sugar and/or lipid moieties is key mechanism employed in the process. In the present study we have analysed the antimicrobial effect of human REG Iα on S. aureus. Aggregation of mid-log phase culture of S. aureus was observed in presence of purified recombinant REG Iα. Therefore REG Iα can be applied in eliminating S. aureus infections in humans.
Introduction
Staphylococcus aureus continues to pose a challenge to human health owing to its ability to evade the immune system by acquiring novel genetic elements and developing resistance to antibiotics [1] . Therefore, along with developing new conventional drugs it is of interest and health benefit to look into alternative strategies for managing S. aureus infections that can be used preferably in synergy with existing antibiotics.
Role of C-type lectin superfamily in the immune system is well documented [2] . Serum mannose binding protein (MBP), a typical Ca 2+ dependent carbohydrate binding lectin and ficolins activate the lectin complement pathway after binding carbohydrates on cell surfaces of infecting microbes, followed by opso-nization and phagocytosis [3] [4] [5] [6] . Lectin receptors on the surface of immune cells bind pathogens via glycan recognition on microbial surfaces [7] [8] [9] . C-type lectin receptors initiate signaling pathways resulting in endocytosis, phagocytosis and production of inflammatory cytokines [10] .
Reg proteins are members of Reg (Regenerating gene) multigene family [11] [12] [13] , classified as C-type lectins that exhibit carbohydrate specificity via C-type lectin like domain (CTLD) [14] . Class III Reg family proteins show antibacterial activity against Salmonella Typhimurium, Yersinia pseudituberculosis, Bacillus subtilis, Enterococcus faecalis, Listeria innocua and L. monocytogens [15] - [20] owing to their ability to bind to molecules displayed on bacterial cell [22] . However, antimicrobial activity of REG Iα towards pathogenic bacteria has not been investigated so far. In the present study we have analysed the lectin-like properties of human REG Iα against the cell surface polysaccharides of gram-positive S. aureus. For our purpose we expressed recombinant human REG Iα in E. coli and purified the gene product from inclusion bodies, on anion exchange chromatography column and used the purified protein to analyse the stimulation of S. aureus aggregation.
Materials and Methods

Bacterial Strains
Staphylococcus aureus 209P (ATCC 6538P) strain was used in this study.
Expression System
Human REG Iα gene encoding the mature peptide was PCR amplified using 
Expression and Refolding of REG Iα
Two ml pre-culture of recombinant Rosetta 2 was incubated overnight in Luria
Broth ( 
Anion Exchange Chromatography
One ml HiTrapQ anion exchange chromatography column (GE Healthcare) was equilibrated with 5 column volumes of 20 mM Tris-HCl, 100 mM NaCl, pH 8.5.
Refolded protein was filtered through 0.45 μm syringe filter and loaded on the column using NGC TM automated chromatography system (BioRad). Unbound proteins were washed with 20 column volumes of same buffer. For elution, a linear gradient of NaCl was applied from baseline ionic strength of 100 mM, increasing up to 450 mM for 35 column volumes. Flow rate was maintained at 2 ml/min throughout the run. REG Iα was eluted as a single peak in 6 fractions of followed by Coomassie staining. Concentration of purified protein was calculated from absorbance measured at 280 nm and 235 nm on a spectrophotometer (Biospec Nano, Shimadzu Biotech) using the method of Whitaker and Granum, (1980) [32] . Purified protein was saved at −80˚C in 50 -100 μl aliquots and used for downward application within 1 week post purification.
Bacterial Aggregation
S. aureus was grown to mid-log phase (A 600 = 0.75) followed by centrifugation at 5000 g for 5 minutes. Culture medium was discarded and cells were re-suspended in buffer containing 20 mM Tris-HCl, 150 mM NaCl, and 2 mM CaCl 2 , at pH 
Data Analysis
REG Iα addition versus control was analysed using two tailed Student's t-test.
Average values from 3 or 5 experiments were used for calculations. P < 0.05 was considered statistically significant. [19] [20] . Hence, in the present study we examined the antimicrobial effect of human REG Iα against S. aureus which is a class I Reg family member.
Results and Discussion
Although REG Iα has been reported as a glycosylated protein [35] , we employed E. coli expression system for preparing recombinant protein which is unable to glycosylate the finished protein products. Previously, lectin activity has been reported in other Reg proteins such as recombinant human REG III and REG IV that were expressed in E. coli [24] [31] . Therefore, we assumed that compromising glycosylation on REG Iα will not affect its lectin activity. Since eukaryotic proteins expressed in E. coli form inclusion bodies in the bacterial cytoplasm, for purification we adopted the previously tried method established for obtaining human HIP/PAP and mouse Reg IIIγ from inclusion bodies [31] .
Inclusion bodies were solubilized under denaturing conditions, followed by refolding in presence of Arginine, as described in materials and methods. The refolded sample was purified on anion exchange column. The protein was eluted as a single peak between 220 mM and 260 mM concentrations of NaCl ( Figure   1(a) ). Elution fractions from the peak contained 16 kDa protein as confirmed by SDS-PAGE (Figure 1(b) ), which is in agreement with the size of nonglycosylated recombinant REG Iα reported elsewhere [26] [36] . Approximately 1.5 mg of purified protein was obtained from 25 ml bacterial culture.
Purified REG Iα was added to S. aureus suspended in aggregation buffer and images were captured after 30 minutes of incubation. (Figure 2(a) ). S. aureus in liquid culture appears in singlets, doublets, short chains or sometimes in small clusters. Cells appeared in clusters after 30 minutes post incubation with REG Iα.
On the other hand clusters of bacteria were not found when incubated without REG Iα (Figure 2(b) ). Thus, these results indicate that human REG Iα induces aggregation of S. aureus. 
